The Proceedings 


OF 


THE INSTITUTION OF 
ELECTRICAL ENGINEERS 


FOUNDED 1871: INCORPORATED BY ROYAL CHARTER 1921 


ISSUED IN THREE PARTS AS FOLLOWS: 


Part A. POWER ENGINEERING (February, April, etc.) 


Part B. RADIO AND ELECTRONIC ENGINEERING (INCLUDING COMMUNICATION ENGINEERING) 
(January, March, etc.) 


Part C. INSTITUTION MONOGRAPHS (March and September onty) 


PART A 


POWER ENGINEERING 


VOEUME 1035; 1956 


PUBLISHED BY THE INSTITUTION, SAVOY PLACE, LONDON, W.C.2 


The Institution of Electrical Engineers 


Sir JAMES SWINBURNE, tee F.R.S. 
W. H. Ecc es, D.Sc., 


FOUNDED 1871 


INCORPORATED BY ROYAL CHARTER 1921 ae ar 


Patron: HER MAJESTY THE QUEEN ee 


COUNCIL 1955-1956 


President 
Sir GEORGE H. NELSON, BART. 


Past-Presidents 


CoLONEL Sir A. STANLEY ANGWIN, K.B.E., D.S.O 


T.D., D.Sc.(Eng.). 


N. THE ae OF ‘Mount Epccumeeg, T.D. SIR HARRY RAILING, 
ne P. DUNSHEATH, C.B. ‘Es M. ae D.Sc.(Eng.). 
Sir VINCENT Z. DE FERRANTI, vires 
T. G. N. HALDANE, M.A. 

PROFESSOR E. B. MOULLIN, M.A., Sc.D. 
Sir ARCHIBALD J. GILL, B.Sc.(Eng.). 


J. M. DonaLpson, M.C. 

PRoFEssoR E. W. MARCHANT, D.Sc. 
P. V. Hunter, C.B.E. 

H. T. YOUNG. 

Sir GzorGE Leg, O.B.E., M.C. 


Sir ARTHUR P. M. FLEMING, C.B.E., D.Eng., LL.D. 


J. R. BEARD, C.B.E., M.Sc. 
Sm Noe AsHBripGe, B.Sc.(Eng.). 


T. E. Goipbup, C.B.E. 
S. E. GoopDALL, M.Sc.(Eng.). 


Sir JOHN HACKING. 


D.Eng. 


COLONEL B. H. Leeson, C.B.E., T.D. 
Str HAROLD BISHOP, 


C.B.E., B.Sc.(Eng.). 


J ECCRES AC: Bib DSCs 


Vice-Presidents 


Sir Hamish D. MACLAREN, K.B.E., C.B., D.F.C., LL.D., 


B.Sc. 


WILLIs JAcKsoN, D.Sc., D.Phil., Dr.Sc.Tech., F.R.S. Sir GorDON RADLEY, K.C.B., C.B.E., Ph.D.(Eng.). 


Proressor H. E. M. BARLow, Ph.D., B.Sc.(Eng.). 


J. BENNETT. 

C. M. Cock. 

A. R. Cooper, M.Eng. 

A. T. CRAWFORD, B.Sc. 

B. Donkin, B.A. 

PROFESSOR i GREIG, me Sc., Ph.D. 
F. J. Lane, O.B.E., M.Sc. 

Gasic. Lucas, O. ’B. E. 

D. McDOonaLp, IESG 


Measurement and Control: 


W. BAMFORD, B.Sc. 
*M. WHITEHEAD. 


Radio and Telecommunication: 
H. STANESBY. 
*C. W. OaTLey, O.B.E., M.A., M.Sc. 


East Midland Centre: 
F. R. C. Roperts. 
*J. H. MiTcuHELt, B.Sc., Ph.D. 


Mersey and North Wales Centre: 


PROFESSOR J. M. MEEK, D.Eng. 
*P. R. DUNN, B.Sc. 


North Midland Centre: 
F. BARRELL. 
*G. CATON. 


Deputy Secretary 
F. Jervis SmirH, M.1.E.E. 


Honorary Treasurer 
THe Rr. Hon. THE VIiscOUNT FALMOUTH. 


Ordinary Members of Council 


C. T. MELLING, C.B.E., M.Sc.Tech. 


H. H. MULLENs, B.Sc. 


W. F. PARKER. 


. L. SMiTH-Rosg, C.B.E., D.Sc., Ph.D. 


oO. : 
. B. WELBOURN, M.A. 
ait WESTCOTT, B. Sc.(Eng.), Ph.D. 


E. [Lig Bi WHEATCROFT, M.A. 
R. T. B. Wynn, CBE., M.A. 


Chairmen and Past-Chairmen of Sections 


Supply: 
L. DRUCQUER. 


*J. D. PEATTIE, C.B.E., B.Sc. 


Utilization: 


D. B. Hoce, M.B.E., 


TD! 


*J. I. BERNARD, B.Sc.Tech. 


Chairmen and Past-Chairmen of Local Centres 


North-Eastern Centre: 
A. H. Kenyon. 
*G. W. B. MiTcHELt, B.A. 
North-Western Centre: 
G. V. SADLER. 
*PROFESSOR E. BRADSHAW, M.B.E., 
M.Sc.Tech., Ph.D. 


Northern Ireland Centre: 
Major E. N. Cuntirre, B.Sc.Tech. 
*Maysor P. L. BARKER, B. Sc. 


Western Centre: 


T. G. Dasn, J.P. 
*A.N. IRENS. 


* Past-Chairman. 


Seieray 
W. K. BraAsHER, C.B.E., M.A., M.LE.E. 


Assistant Secretary 
F. C. Harris. 


Scottish Centre: 
E. WILKINSON, Ph.D., B.Eng. 
*J. S. Hastie, B.Sc.(Eng.). 


South Midland Centre: 
H. S. Davipson, T.D 
*A. R. BLANDFORD. 


Southern Centre: 
L. H. FULLER, B.Sc.(Eng.). 
*E. A. LoGAN, M.Sc. 


Editor-in-Chief 
G, E. Wriiams, B.Sc.(Eng.), M.LE.E. 


TABLE OF CONTENTS 
VOL. 103 Part A 


1956 


The President’s Inaugural Address. Sir George H. Nelson, Bt. .. 
Chairmen’s Addresses: 


Supply Section. L. Drucquer 
Utilization Section. D.B. Hogg, M.B. E., ke D. 


North Midland Centre. F. Barrell 
North-Eastern Centre. A. H. Kenyon 
North-Western Centre. G. V. Sadler .. 


Northern Ireland Centre. E. N. Cunliffe, B. Sc. Tech. 

South Midland Centre. H.S. Davidson, T.D. 

Southern Centre. L. H. Fuller, B.Sc.(Eng.) 

Western Centre. T. G. Dash, J.P. Se 

East Anglian Sub-Centre. E. T. Norris 

North Lancashire Sub-Centre. W. Ward 

North Scotland Sub-Centre. J. Knox, M.Sc. .. 

Sheffield Sub-Centre. W. Rewcastle, B.Sc. .. 

South-West Scotland Sub-Centre. J. A. Aked 

Tees-Side Sub-Centre. J. Higson : 

North-Eastern Radio and Measurements s Group. Cc. H. W. 
Lackey, B.Sc. ; F , 

Western Supply Group. E. K. Wood . 

Scottish Centre. E. Wilkinson, Ph.D., B. Eng. 


Discussion (communicated) on ‘A Short Modern Review of 
Fundamental Electromagnetic Theory’ (Paper by P. 
Hammond) ee ee Fe ov: 


Ferromagnetism in relation to Engineering Magnetic Materials 
(Review of Progress). Prof. F. Brailsford, Ph.D., B.Sc. 
(Eng.), Wh.Sc. 


A Voltage Divider containing a Non-Linear Unit. 
Ph.D., B.Sc.(Eng.) ve 


A Note on the Theory of Oscillaing-Elestroe Voltmeters. 
J. Rawcliffe, M.Sc.Tech. : 


The Electric Strength of aed Compressed Gases. 
Cohen, Ph.D. : 


Discussion on ‘The Electrification of the Manchester—Sheffield— 
Wath Lines, Eastern and London Midland Regions, British 
Railways’ (Paper by J. A. Broughall and K. J. Cook): 


Before a Joint Meeting of the Liverpool Engineering Society 
and the Mersey and North Wales Centre; the North-Eastern 
Centre; and the South-East Scotland Sub- Centre 


-Before the South Midland Centre; the East Midland Centre; 
the Western Centre; the Sheffield Sub-Centre; the Northern 
Ireland Centre; the North Staffordshire Sub-Centre; the 
Western Utilization Group; the Southern Centre; and the 
South-Western Sub-Centre : ; 


Discussion on ‘Some Design Features of the Semi-Outdoor Power 
Station at Ince’ (Paper by F. H. S. Brown), before the 
Southern Centre; the Mersey and North Wales Centre; the 
North-Eastern Centre; the North-Western Supply Group; 
the South Midland Supply and Utilization Group; the 
Western Supply Group; the North Midland Centre; and the 
South-East Scotland Sub-Centre “ie ne 


Discussion on ‘The Co-ordination of Insulation of High-Voltage 
Electrical Installations’ Coe Dyn s.s: ee? before the 
North Midland Centre . 


Discussion (written) on ‘Distortion of Turbo-Alternator Rotor 
pyindines through Thermal Stress’ (Paper by D. B. Reay) . 


L. L. Alston, 


E. Howard 


PAGE 
1 


6 
10 
15 
17 
19 
21 
23 
26 
28 
30 
31 
32 
33 
34 
35 


36 
37 
209 


38 


39 


52 


55) 


57 


69 


624 


is 


81 


83 


Germanium and Silicon Power Rectifiers. T.H. Kinman, M.B.E., 
G. A. Carrick, M.A., R. G. Hibberd, B.Sc., and A. J. 
Blundell . 


Discussion before the each 
The Institution .. or es 2 oe ~ 
The Rugby Sub- Centre: the North-Western Centre; the 
South-West Scotland Sub-Centre; the North-Eastern 
Centre; and the North Staffordshire Sub-Centre .. 


Timing the Operation of Control Systems associated with Rotating 


C. Cuthbert, B.Sc., and D. A. Picken .. 
Discussion before the following: 

Mersey and North Wales Centre 

Utilization Section 


North-Western Utilization Group 
South Midland Supply and Utilization Group 


Equipment. 


The Dynamic Braking of Induction Motors. D. Harrison, 


M.Eng., Ph.D. 


Discussion before the following: 
Utilization Section 
North-Western Utilization Group 
South Midland Supply and Utilization Group 


Flat Pressure Cable. J. S. Maollerhoj, M.Sc., A. M. Morgan, 
B.Sc.(Eng.), and C. T. W. Sutton, M.Sc.(Eng.) F 


Discussion before the following: 
Supply Section .. ‘ 
North-Western Supply Group 
South Midland Supply and Utilization Group 


The Measurement of Steam Temperatures in Power Stations. 
D. H. Lucas, B.A., and M. E. Peplow, B.Sc... 


Discussion before the Supply Section 


Power Stations and their pee ris of Progress). V. K 
Pask, C.B.E. : , 


Discussion on ‘A Brushless WVatioble Sneed Induction Motor’ 
(Paper by F. C. Williams and E. R. Laithwaite), before the 
following: 

South Midland Supply and Utilization Group 
North-Western Utilization Group 


Discussion on ‘The Possibilities of a Cross-Channel Power Link 
between the British and French Supply Systems’ (Paper by 
D. P. Sayers, M. E. Laborde and F. J. Lane), before the 
following: 

North-Western Supply Group 
South Midland Centre ’ 
South-East Scotland Sub- Centre’ 
South-West Scotland Sub-Centre 
Rugby Sub-Centre : 
Southern Centre 

Western Centre or 
Northern Ireland Centre } 
Mersey'and North Wales Centre 
North-Eastern Centre ‘ ae 
North Staffordshire Sub-Centre 
North Midland Centre 


Discussion on ‘The Adhesion of Electric Locomotives’ (Paper by 
H. I. Andrews), before the North-Western Centre .. : 


PAGE 


89 


107 


533 


112 


117 
118 
119 
452 


121 


129 
130 
452 


134 


146 
150 
517 


153 
165 


169 


189 
190 


193 
193 
195 
195 
196 
197 
197 
197 
198 
199 
201 
201 


203 


TABLE 


Discussion (written) on ‘The Solution of Gas in Oil during Trans- 
former Filling’ (Paper by E. B. Franklin) : 


Discussion (communicated) on ‘An Examination of High-Voltage 
D.C. Testing applied to Large Stator Windings’ See " 
R. T. Rushall and J. S. Simons) 3 


Discussion (communicated) on ‘The Overhaul and Maintenance of 
Direct-Current Traction Motors’ (Paper by J. G. Bruce) 


Highland Water Power—the Developments of the North of Scotland 
Hydro-Electric Board. T. Lawrie, C.B.E., F.R.S.E., M.A. 


Discussion before the following: 


The Institution .. ot 
North-Western Centre 
North-Eastern Centre 


Electric Traction (Review of Progress). J. W. Grieve, B.Sc. 
C. H. Flurscheim, B.A. 
P. Baxter 


Discussion before the Measurement and Control Section 
L. Gos- 


Switchgear (Review of Progress). 
A New Meter for the Kilovolt-Ampere-Demand Charge. 


Age and the Incidence of Fires in Electrical Installations. 
land, B.Sc. 


Discussion before the Utilization Section 


The Theory and Characteristics of the 3:1 Pole-Changing 
Induction Motor. T.H. Barton, Ph.D., O. I. ae M.Sc., 
and H. Sterling . 


Applications of the 3: 1 Pole-Changing Motor. T. H. Barton, 
Ph.D., O. I. Butler, M.Sc., and H. Sterling .. 


The Development of a New 3:1 Pole-Changing Motor. Prof. 
G. H. Rawcliffe, M.A., D.Sc., and B. V. Jayawant, B.Eng. .. 


Discussion on the above three papers before the Utilization 
Section 


Discussion on ‘The Apulicsign of Sunnie Components to 
the Measurement of Phase Difference in Single-Phase Circuits’ 
(Paper by R. L. Russell), before the Western Centre 


Power Station Auxiliary Plant (Abstract). G. F. epae M.A., 
and F. J. Hutchinson, M.Eng.. 


Discussion on eAiamininn Shea thed Cables’ (pater ae PaeMe 
Hollingsworth and P. A. Raine), before the North-Eastern 
Centre; the Mersey and North Wales Centre; the North- 
Western Centre; the North Staffordshire Sub-Centre; the 
Southern Centre; the Western Centre; the South Midland 
Supply and Utilization ae and the South-Western 
Sub-Centre 


Discussion on ‘A Criterion of ff Distribution C Costs? (Paper my iDY, if. 
Bolton), before the North-Eastern Centre 


Discussion on ‘Proving the Performance of Circuit Breakers and 
‘A New Testing Station for High-Power Circuit-Breakers’ 
(Papers by Messrs. J. Christie, H. Leyburn, J. F. Bird and 
R. W. Fenn), before the North Staffordshire Sub-Centre; 
the South Midland Supply and Utilization bel and the 
Northern Ireland Centre 


The Non-Destructive Testing of eae Strength of Liquids 
W. P. Baker, B.Sc.(Eng.) sy 


The Penetration of Surge Voltages through a agantenes ‘Couple 
to an Alternator. B.C. Robinson, M.Sc., Ph.D. 


The Propagation of Surge Voltages through Turbo-Alternators 
with Concentric-Conductor-Type ase B. C. Robinson, 
IMESc.. PhD aa. 


Discussion on the above two papers oe as, ee ie 

An Electronic Over-Current Relay for Electrical Machines. 
J. S. H. Goodall and G. S. Chapman : 

Power System Protection, with particular reference to the apabes 
tion of Junction Transistors to Distance Relays. Colin 
Adamson, M.Sc.(Eng.), and L. M. Wedepohl, B.Sc.(Eng.) 


OF CONTENTS 


PAGE 


» AUB) 


207 


208 


306 


320 


375 


379) 


Lighting (Review of Bey: J. W. T. Walsh, O.B.E., M.A., 
DSc. is 

Underground Lighting in Coal Mines. C. D. J. Statham, B. Ene. ; 
Ph.D. 55 : 


Discussion before the Utilization Section 


Discussion on ‘The Use ef Electricity in the Production of Calcium 
Carbide’ (Paper by C. J. eee before the Western Utiliza- 
tion Group 


The Potentialities of Railway Electrification at the Standard Fre- 
quency. By E. L. E. Wheatcroft, M.A., and H. H. (Gx 
Barton, B.A. a ie 


Discussion before the following: 


The Institution .. 

North-Eastern Centre 
North-Western Utilization Group 
Rugby Sub-Centre : 


Discussion (communicated) on ‘Service Experience of the Effect 
of Corrosion on Steel-Cored Aluminium Overhead-Line 
Conductors’ (Paper by J. S. Forrest and J. M. Ward) 


Discussion on ‘Safety in the Use of Portable and Transportable 
Electrical Equipment in Industry’ (Paper by J. W. Bunting), 
before the following: 


South Midland Centre 
North-Western Utilization Group. 
North-Eastern Centre Re 
Sheffield Sub-Centre 

Southern Centre ; 
Mersey and North Wales Centre 
North Midland Utilization Group 
Western Utilization Group 
Northern Ireland Centre .. 


Discussion on ‘Short-Circuit Forces on Turbo-Alternator End- 
Windings’ (Paper by J. B. Young and D. H. Tompsett), 
before the North-Western ee ee and the Cee 
Sub-Centre 


An Evaluation of Two Ear Methods of ee the Therma! 
Resistivity of Soil, M. W. Makowski, ee Ing., and K. 
Mochlinski, Dipl.Ing. ‘ 


Discussion before a Joint Meeting of Fite Measurement Re 
Control Section and the Supply Section 


Temperature Rises in Electrical Machines as related to the 
Properties of Thermal Networks. J. J. Bates, Ph.D., and 
Prof. A. Tustin, M.Sc. .. 


Temperature Rises in Electrical NEshee on Variable ian and 
with Variable Ppa Prof. A. Tustin,M .Sc., and J. J. Bates, 
Ph.D. 


Performance and Heating cine for! Rioters on Short- Run Duties. 
Prof. A. Tustin, M.Sc., D. F. Nettell, B.Sc., and R. Solt, B.Sc. 


Discussion on the above three papers before the Utilization 
Section 


Discussion on ‘Equipment of Serene Acehaee for Rocivading 
and Reproduction of Electrical Signals, using Cinematographic 
Film’ (Paper by H. McG. Ross), before the North-Eastern 
Radio and Measurements Group 


A Dual-Comparator Mho-Type Distance Relay utilizing 1 Ties 
tors. Colin Adamson, M.Sc. oe and L. M. Wedepohl, 
B.Sc.(Eng.) 


A Novel High-Voltage Peak Wiese. 
(Eng.) 


Discussion on ‘The Sua of Electricity in the ‘aes Area’ 
(Paper by D. B. Irving), before the North-Western Supply 
Group; the North-Eastern Centre; the Western Supply 
Group; the Southern Centre; and the South-East Scotland 
Sub-Centre ; Ne ce dt: LY 5 


W. P. Baker, BSc. 


PAGE - 


389 


396 
407 


410 


411 


421 
426 
428 
429 


432 


433 
435 
437 
438 
439 
440 — 
443 
445 
446 


449 


453 


464 


471 


483 


493 


504 


508 


509 


519 


TABLE OF CONTENTS 


Bscussion on ‘Problems of Hydro-Electric Design in Mixed 
Thermal—Hydro-Electric Systems’ (Paper by 2G. N. 
Haldane and P. L. Blackstone), before the North-Eastern 
Centre; the ae and North Wales Centre; and the South 
Midland Centre . 


Discussion on ‘The Installation a Metal- Sheathed Cables on 
Spaced Supports’ (Paper by W. Holttum), before the South 
Midland Supply and Utilization Group; the North-Western 
Utilization Group; and the Mersey and North Wales Centre 


Voltage-Excitation Characteristics of Ste Saat Machines. 
J. H. Walker, M.Sc., Ph.D. F ; 

T. E. Green : 

Discussion before the Utilization Section 


Physical Properties and Impulse Strength of Saad 
M.Sc., and E. Kelk, M.Sc... 


The Impulse Strength of Lapped ears pis: Dielectric. 
H. C. Hall, M.Sc., and D. J. Skipper, B.Sc.(Eng.) . 


Breakdown under Impulse Voltages of Solid and Liquid Dielectrics 
in Combination. W. G. Bs M.A., and R. C. a 
B.Sc. 


Discussion on the above three papers before the Joint Wesice 
of the Supply Section and the Measurement and Control 
Section : 


Discussion on ‘A High-Power Mechanical Contact Rectifier’ 
(Paper by J. C. Read and C. F. at before the sey 
and North Wales Centre ; é 


Mine Locomotives. 


H. C. Hall, 


PAGE 


530 


537 


541 
545 
560 


564 


571 


583 


589 


597 


An Asymmetrical] Induction-Motor Winding for 6 : 3 : 2 : 1 Speed 
Ratios. Prof. G. H. Rawcliffe, M.A., D.Sc., and B. V. 
Jayawant, B.Eng. 


Discussion on ‘Automatic Cirenit. Recent (Paper se Griak: 
Peirson, A. H. Pollard and N. Care), before the Southern 
Centre; the Rugby Sub-Centre; the Western Supply Group; 
the North Midland Centre; the North Staffordshire Sub- 
Centre; the South-West Scotland Sub-Centre; the Western 
Centre; the Mersey and North Wales Centre; and the 
Northern Jreland Centre 


Discussion on ‘Electrical Energy from the Wind’ (pares ie E. w. 
Golding), before the South-East Scotland Sub-Centre; the 
Mersey and North Wales Centre; the South-Western Sub- 
Centre; and the Western Supply Group 


Discussion on ‘The Standardization of Retail Electricity Tariffs? 
(Paper by A. O. Johnson and N. F. Marsh), before the 
Mersey and North Wales Centre; the Western Centre; the 
East Midland Centre; and the South- East Scotland Sub- 
Centre 


Discussion on ‘Supervisory Hacipwent for tl the Indication of Shaft 
Distortion in Steam Turbines’ (Paper by D. Antrich, 
H. W. B. Gardiner and R. K. Hilton); and ‘The Electrical 
Measurement of Steam-Turbine Rotor Movements, with 
special reference to the Operation and Design of Modern 
Power Plant’ (Paper by J. L. Ashworth, J. S. Hall and A. H. 
Gray), before the North-Eastern Centre; the South Midland 
Supply and Utilization Group; and the East Midland Centre 


Index 


PAGES IN PART A _ 1956 

Pages No. Month 

1-88 i February 
89-208 8 April 
209-336 ) June 
337-452 10 August 
453-540 11 October 
541-632 12 December 

CORRIGENDUM 


Page 38: In the equation for —d¢/dt, L? + s? should read \/(L? + s?). 
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